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ABSTRACT

Ecological restoration, vegetation landscape engineering and habitat construction are the major
objectives of disaster prevention related to river engineering. In order to achieve these objectives,
the vegetation materials which might reduce soil erosion and runoff and create spaces for breeding
and habitat are commonly used in river management construction. Therefore, it’s important to
carefully select the vegetation material by taking its characteristics and the soil solidity of its root
system as the major considerations. Saccharum spontaneum L., which has the strong capabilities of
bearing humidity, drought and wind, usually gathering by the riverbed and sandy soil, is the invasion
grass of dominant species in the riverside. This study selects Saccharum spontaneum L. as the root
sample for pullout test and discusses its characteristics and mechanism of root strength. The statistical
regression analysis was performed to formulate the relationships of pullout resistance of root system
(Pr), the growth characteristics of grass and the field site environment and eventually to set up pullout
resistance models for this particular grass. The growth characteristics of Saccharum spontaneum L.
are consisted of the grass number (N), the grass length (L), the diameter near ground (D), the grass
weight of upper part above ground (Wu) and lower part under ground (Wr). On the other hand, the
field site environment refers the moisture water content of soil (Sw). It is expected that the
developed pullout resistance model will reflect Saccharum spontaneum L.’s characteristics and soil
steady of root system and provide a referral for vegetation material choice in landscape engineering.

(Keywords: Saccharum spontaneum L., pullout resistance, regression analysis)
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Iﬁﬂ?ﬁf{{% > 7t flI Pearson ﬁ'ﬁ‘f%—&'ﬂﬁ{ A LA
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FEEFﬂwifﬁﬁE“%%ﬂﬂ%:ﬂﬁ
T%?E'J Kendall's tau_b » Spearman's tho {78 »
W‘fﬁﬁﬂﬁ'{ﬁﬁ/ﬁ%\' r (R4

fl lﬁ?ﬁﬁﬁf’?fﬁﬂ“fﬁ* F"}[@?ﬂf 55 Fb'

BT PR ,é“?imi'.ﬁ[%i@%?“ i
R
B SRR e

SRS T W
S R T SRR (d-a) -
(4-b)Fr. > [y eréﬂg%ﬁljﬁg AR IR O
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Table 1. The diagnosis for choice of best model.

Model R? RSS PRESS | PRESS %2 1%t

l-a | 0.926%* | 6204.661 | 7314.893 434.485
1-b | 0.927** | 6119.670 | 7384.490 453.315
lc | 0.927** | 6128.070 | 7406.379 419.195
2-a | 0.927** | 6055.691 | 7734.453 460.095
3-a | 0.852%* | 12379.675 | 13697.83 648.30
3-b | 0.856** | 12008.1 | 14546.19 670.7

5-a | 0.991%** | 1.908345 | 1.987584 84.5005
5-b ] 0.992%** | 1.752016 | 1.827005 7.956

*HFE TR IR ED 0.05 [ o APIRHATTR o s SRR EEE 0.01 1 o AERHETH
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F 2. AR E A TS (VIF)

Table 2. The diagnosis of collinearity of model parameters in pullout test.

Model 1-a 1-b l-c 2-a 3-a 3-b
Parameter VIF VIF VIF VIF VIF VIF
L 9.593 9.469 9.661 10.171 5.445 64.833
Ra 3.076 3.088 2.932 3.097 - -
Wud 3.255 - - 7.074 - -
Rh 7.704 8.111 7.962 8.280 - -
Twd - 3.033 - - - -
Wu - - 3.602 - - -
Wrd - - - - - -
D - - - - 5.445 64.833
* 3. ﬁ‘??ﬁf&i‘g'lﬁgﬁzﬁ" <BIF 157 PR
Table 3. Descriptive statistic of plant body and moister water content of soil.
g | -l | N ) TSR | ARYER
By A REIFTE (%) 50 37.66 93.80 | 63.4200 11.3458
By l[ﬂﬁlﬁ'{”fﬁ??ﬁ‘flﬁfh‘(%) 50 23.10 93.90 | 46.4360 | 19.2163
Ij ﬁi?ﬁfi? (%) 50 3.00 8.8 4.988 1221.0
N (3 P 50
Pr=0.216L+50.57Ra +0.144Wud-0.549Rh,R* = 0.926** (n=50) -—--- (1-a)
Pr=0.231L+49.960Ra +0.06957Twd-0.613Rh,R* =0.927** (n=50) ----- (1-b)
Pr=0.212L+54.507Ra+0.06097Wu-0.592Rh,R* =0.927** (n=50) ----- (1-¢)
Pr=0.225L.+49.528Ra +0.103Wud - 0.598R+0.44Wrd ,R* = 0.928** (n=50) ~  ----- (2-a)
Pr =82.507Ra+0.186Wud-0.01913Wrd+0.266Rh , R* = 0.862** (n=50) ----(2-b)
Pr=0.168L+0.142D,R* = 0.852**(16.6 <D<203.7 78<L< 143.62) (n=50)  ----- (3-a)
Pr=L"*"D"* R’ = 0.985**(16.6 <D<203.7 78.0<L< 210.0) (n=50) - (3-b)
Wud = 0.383Wu,R* = 0.936**(16 <Wu< 555) (=500 e (4-a)
Wrd =0.554Wr,R* =0.820**(5<Wr<494)(n=50) o (4-b)
Wud = 0.414Wu, R* =0.993 **(16 <Wu< 555) =43 (4-¢)
Wrd = 0.729Wr ,R* = 0.981**(5 <wr< 373) (n=46) e (4-d)
Wu =D"?" R? =(,992%+* (16.6 <D< 203.7) (=47 (5-a)
Tw=D"*"* R* =(0.993%* (16.6 <D< 203.7) =48 e (5-b)
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Table 4. Correlations analy51s of plant body, root system and m01sture water content of soil.
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Figure 10. Standard residual of non-destructive
pullout resistance model 3-5 of

Saccharum spontaneum L.

Standardized Residual

22

Unstandardized Predicted Yaluz

(B 11, 1 5-b VA | AR AL
g [

Figure 11. Standard residual of non-destructive

‘7j27—%t_

pullout resistance model 3-7 of
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! ﬁ*?‘ﬁl’l‘%é VIF AR ﬁ?‘-{‘—’jﬁi
HeN) ~ E1=(L, cm) ~ “ﬁﬁ%ﬁl (D, mm)E 1 i
BN BRI
SO EIS TSR T E S E SR
Ef'z %—kjf'z AR [/?'%[Fll LS
HIEE(5-a) ~ (5-b) & (5-a)=" 1 &9 F?‘[f,l@“’ﬁﬁ}’?
[ R RS AR R
1051 5 (5-b)0 I Ak Er=e BRI 55 1k
FRETYS A (R I 1) = -
SRR R R A 1 R e

u;jﬁ;_\}

139-

152

154 (2005)

B Y o

k%
P

ol
3

TP 2 RO BB FE P
WAV B 35 P BRIV R
L2 PRI PR 1 o PR
BT SR AR fﬁlfﬁ?ﬁs{ ) I
REARASLR 53 Ao Ao > F;F J[[ﬁjﬂ;”
VB E Tg;ﬁgffﬂﬁ Imlz[b, FlI 'J{ 45}
SR A T E'I KA S
J/ , i’pﬂ%ﬁm p[ : m l/@%%gg‘»pﬁ@%

ﬁ@#Vﬂ#%J’T Hﬁﬁ”ﬂ%wﬂ
B8 o F AR [0 ) -

TAPIF PR R 5 A R A AR
‘l/#ﬁ[F‘l » I ?F?,Iu-I/EIFIJ » BB .'E&%T’-I/;[Lf,i:h‘éé
By FIIP E AR g &ﬁ'rﬁ%ﬂ@‘@r’ £
|#;|ﬂl[§1ﬁ7&b\7&§ S3HT > BRI VI
[ (fitting) & g1 - Hob ISP AR S

A ¥R

LR S e st
Pr=0.216L+50.57Ra +0.144Wud - 0.549Rh
R?=0.926%* -—-(1-a)

J[FHi] =g = (L, om)~ A Ipi(Ra,
m2) ¥ 5 - EIZEN(Wud, g) A5 LA
Fﬁ% SR YK (R, em)y F"lﬁ'ﬁ*}% B
<V ENFEETE T 78.0cm = 210.0cm

f > ASUIE B A R 7 BT 22.5em2 ~
936.0cm2 » £ '—f‘ iz;[;dﬁ[]mq EtEA
3.0 g~222.0 g » i ALK éwﬁuﬁf@'
¥ 8.0cm~53.0cm V[t »

2. R AN B [ ) s A
kﬁ
Pr=0.168L+0.142D
R?=0.852%* - (3-d)=¢

PR TR (L, em) P PIFE
(D, mm)HY L#TE'FT;J B BN



ﬁiﬁjﬁ ﬂﬂ ﬂyf Bm:éLFE[ :

T 78.0cm = 143.62cm IV [H] %B}%@l
@ EEE 16.6mm = 203.7mm V[ o

3. AREREY 0 B RIS B0
S ;[/r%fdl'h": ’ ?;Efﬁf;l/ |
H I AR R
I KBRS 4 5T BRIE B
Ao DB A B HE H Y
e N L A i Gl N
L gz'i—ﬁl«’c -HAI:TJFFU_H PRRE

7 l%%ﬁ %ﬁ'f} EPREY o
HEREE AR B AR
Fio B RO SR
o @ B

lfmfm
—

i

Wu = D268
R?=0.992%** .. (5-a)
Tu=D'"""® R*=0.993%**  _.___ (5-b)

s
Z

By @ 4 A 16.6mm %
203.7mm V] - RyfSiET VRV e
P TR R 0.01 T S T A
F%fd  Ef Eﬁﬁi%‘%@?“%l’ﬁ,ff jH-
ftfifr o

- BRI

VR

El
El

PHEE D 2 AL 5
YA ’ ﬂ['ﬁﬁ’ﬁlp‘/m# &E
+ TRy mf‘ﬂ (ICEESE
kcuﬂﬂﬁ b R [ ST
R £ R el
T 4 @i?%ﬁ?u.’ i ‘:15”
Pz o1 &) R -
}ﬁuaﬁléﬂm%$ﬂ
#{}J@Abﬁl%ﬁ;‘;@gﬁ I/Téj
,J%a R Rl IR 1P
SN U’ﬁﬁ?lﬁ;ﬁ? 1 2Z0 4 HET
PYEEHLU R iﬂ I 1@[ ) F' R ey
PEFIT RO ﬁ,“ IR
fﬁl

p(l\l -~

=

_‘lL

332

153

jic BB [ S A

1. 7% (1990) TEJ[EF%
T
(1) > pp47~54 -
it (1990) g Tfi’lf??’f’i’?l*%%%%
Y I AT

Rt PR
I e B 0 21

- F]’IIJ:P

RT2E (1993)  TAAL) Sl ﬁ%tﬁf& [
H g o [ A RS 24 (2)
pp.23~37 o
T f@l’%?@ (1989) T &pftn 2+ 117
(GO el S IR e
#FT[>22 (4) > pp.3-19 ¢
T?hﬁﬁ (2004) Tof pUfARE A, o
i qavﬂ FELT T 0 pp.67~69 ~ 81~89 ¢
ﬁﬂr,ﬁ F'ﬂm’ (1999) 'ﬁllﬁiﬁiﬂf‘j
B[R A I DA o i e

2330 (1) ’ppl 12 o
FIFET ~ B (1994) T ipfipgiofg 5
T U TR ey o 83 e
=& FEﬁ i ;??ﬁﬂd“ A5 N
pp.779~796 -
ﬁﬂﬁﬁ* FREEY fﬁ%?ﬁ\ (2002) T%R}
rfff n RSP AR R ' 5y
T H T %E’“*Eig‘ pp.69-76 -
FRFE ﬂﬁi:é'ﬁ |~ SRR S SRR (2004)
S VVRE T SAR d [Fe i) e e
P 5 AR > 53(4)  pp.293~306 -
FREEF] (2005) CAfE EILARLS 47,
2005 1 FHFI I SoAp 2 A= 2 P
Ff pp.137~154 -

frﬁw P 5~ 5% B
% (1995) Ml ], l/’F‘JI‘J
PR IER > 27(2) 0 pp.61~70 ©
Al (1984) © Lt HiE | (R
{?[)Fﬁii@%ﬂ@% D WA AT DN
ﬁilﬁ\[%lgj!%?% » 251 93~129 -

E2%E (1985) TE;‘L?WH&?ZB J*H?[ (P
Ef)kﬁi%%#ﬁff CEIWAACTES DI
y'ﬁ\[ﬁ;ﬂ!%% 126 1 59~86 °

10.

1. L

=

12.

13.



T2 BEEE 37(2) ¢ 139-154 (2005)
Journal of Soil and Water Conservation, 37(2) :

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

it (1998) T?ﬁ?‘lﬁ&]ﬁﬂ?%lf‘% il
T il 1 b SR Fﬁ\'?ﬁjﬁﬁiﬁﬁ 3
Eﬁj‘j FISE S 4 () ST i F}?ﬁ
%\if’??ﬁ FE A EIZ R 2004 )F 2
WALk I F R AL AR PR ?ﬁg‘.
F&F'ﬂ%ﬁ ?"
%\:?f:ﬂrﬁf FE SN [ (2004) TiE
S S EIE LR J['{?ﬂxi EaEA] [
F1a e
:E:?"?*?Z[ A% (2004) Tp |G IB7E R
TSR -
IR (1993) FABMIN o3 o AL
Py o BT TN e
R TR
WLFE' ~ IR ﬂﬂr]ﬁ (2002) " Kt
Py A A ST BTy o BT AR
Exj PR 1% e = U B 0T 7
E 5 pp.413~419 -
P (2001) 7 fregse ¥ (%%T‘ﬁﬂfg [
B VAN 5T S RV [aszl
RIE S e l%ﬁ*’ﬁfﬁ“ﬂ?ﬁﬂ o
BT (1984) THE (=PALefy lﬂiﬁu
?}jﬂﬁi@%%l Iy o B S
(57 I*?ﬁ%ﬁ%%ﬁo
Bﬁ”ﬁﬂﬁlﬁﬁ (1984) FASA L5 o 15
BT 2RSS e AR SN (&
10 (3) 11~9-
ﬁﬁ’?‘}ﬂ*DEﬁ (1991) TALZDI[ &I

154

24.

25.

26.

27.

28.

29.

139-154 (2005)

£ 6‘&/%?#1@@?&“— S N =
F'f:, » 16 (4) > pp.37-45 -

Coppin, N. J. and I. G. Richards (Edi).(1990)
Use of Vegetation in Civil Engineering.
21.Boston
Toronto Wellington.
Chow, V. T.(1959)Open-channel hydraulics.
McGraw-hill, New York.

D. H.(1970) Effect of forest
clear-cutting on the stability of natural
Bull.Assn.Engg. Geol.,7(1) pp

=5

London Singapore Sydney

Gray,

slopes.
45-66.
Kazutoki Abe and Rober R. Ziemer (1991)
Effect of tree roots on shear zone: modeling
reinforced shear stress °
Myers, R. H. (1986) Classical and Modern
Regression with Applications, PWS and
Kent Publishing Co. p 137-211.
U.S.S.C.S.(1954) Handbook of channel
Soil

Conservation Service, USUS Department

Design for Conservation Practices.

of Agriculture, Washington Dc.

93
93
93

F 03k 26 F! L['ﬂﬁgrj
04 £] 27 |1 (&>
F 05 04! By

iy



